proposed under smaller size of three quarters waveguide length section.
INTRODUCTION
Recently, planar filters with the characteristics of low cost, compact size, and wide stopband play an important role in modern filter applications due to easy integration into the printed circuit board (PCB). Moreover, next generation wireless systems and high data-rate communication systems require wideband bandpass filters (BPFs). Broadside coupled structures [1] - [7] enable stronger coupling and filters with these structures exhibit inherently wideband characteristics.
Such filters are realized by parallel-coupled microstrip lines, but this requires smaller coupling gaps in order to enhance the coupling for wider bandwidths [8] and the gap size required to enhance the coupling is limited by the fabrication process. Moreover, many filter structures include coupling gaps between the feed lines and filter circuit. Such a filter suffers from high insertion loss due to the conductor, dielectric, and radiation losses [9] - [14] . To overcome this problem, a direct coupling structure can be used instead of the coupling gaps between the feed lines and filter circuit to reduce insertion losses and create wide passbands. In brief, there are no radiation losses between the feed lines and filter without coupling gaps between them [15] - [16] .
On the other hand, much effort has been made to maximize the return loss in the primary passband, e.g., enhanced side-coupling, line-to-ring coupling, and interdigital coupling schemes [17] - [21] . Other techniques such as three-line microstrips [22] , multimode resonators [23] , and the new coupling scheme in [24] are used to design wideband BPFs. However, the above-mentioned filters may still be large in size or have narrow upper stopband.
To the best of our knowledge, there is no reported work that has developed a wideband ring-type bandpass filter with good low-band rejection by adjusting impedance at two short-circuited sections. The objective of this paper is to present and implement a new class of wideband ring-type bandpass filters with excellent out-of-band rejection. In this paper, resonance behavior of a ring-type bandpass filter with loading of open-circuited stubs will be characterized in a comprehensive way and it will be utilized to constitute a new class of wideband ring-type bandpass filters with compact size, controllable bandwidth, good insertion loss in passband, and improved out-of-band performance.
PROPOSED WINDBAND BANDPASS FILTER
Because of its compact size, low insertion loss, wide passband, wide stop band, and low cost are highly desirable, a ring-type microstrip bandpass filtr is proposed to achieve the above desired performances. In this study, miniaturized wideband ring-type bandpass filters are proposed using two λ g / 4 short-circuitd sections (Z 2 , θ 2 ) and one λ g / 4 transmission line (Z 1 , θ 1 ) between two sections inserted by input/output feed lines for 50-Ω microstrip lines, as shown in Fig.1 . 
IMPLEMENTATION AND EXPERIMENTAL RESULTS
The proposed filter was designed and fabricated on an 
